Experimental observation of a laser-induced dipole-quadrupole collision between Sr and Ca is reported. The laser-induced collision cross section peaks at an applied photon energy equal to the energy defect of the initial and final states of the infinitely separated atoms. A cross section of 3 x 1Q-1 4 cm 2 was induced at a laser-power density of 7 X 109 W/cm 2 ; the linewidth was 20 cm-1 .
This is the first reported observation of a laser-induced dipole-quadrupole inelastic collision process. In general, laser-induced collisions make use of an intense laser field to transfer energy from a storage level of one atomic species to a particular target level of a second species during a collision, and they may be conveniently classified according to the nature of the collision coupling involved. In the previously studied dipole-dipole processes, 1 -' 2 one species makes *a parity-allowed transition while the other makes a parity-nonallowed transition. In the dipole-quadrupole process, both species make parity-allowed or -nonallowed transitions.
As will be shown below, the two processes have similar line shape characteristics and can have comparable magnitude. Thus, in combination, they permit one to transfer energy selectively from a storage state of arbitrary parity to a target state of arbitrary parity. The process studied is described by Sr(5s5p 'Pl) + Ca(4s 2 'So) + hw(5307 A) Sr(5s 2 'So) + Ca(3d4p 'F3). (1) An energy-level diagram is shown in Fig. 1 . Energy is initially stored in the Sr(5s5p P'l) level. As the atoms collide, the Sr atom makes a dipole transition from its excited state to ground, while the Ca atom undergoes a quadrupole transition to a virtual level of Ca(4s3d 1D 2 ) character. The applied laser field then induces a dipole transition from the virtual level to the Ca(3d4p IF') target state. Theory predicts that this process maximizes when the applied photon energy is equal to the energy difference of the initial and final states when the atoms are fully separated (as in the case of laserinduced dipole-dipole collisions). The experimental investigation of the laser-induced dipole-quadrupole collision employed two synchronously pumped dye lasers.. The dye lasers were pumped by 3547-A radiation, which was created by upconversion of the 1.06-gm radiation from an actively mode-locked Nd:YAG oscillator-amplifier system, Each dye laser was cavity pumped to produce a 40-psec pulse of tunable radiation of several megawatts peak power. The output of one dye laser, the pump laser, was used to prepare the Sr(5s5p 'p1) state, while the output of the second laser, the transfer laser, was used to induce the collision process. The transfer laser was delayed 5 nsec from the pump laser, and both beams were focused into a metal vapor cell to an area of .5 X 10-4 cm 2 . The cell was heated to 9000C, providing ground-state densities of -1016 atoms/cm 3 . The cell also contained a background pressure of 15 Torr of Ar to protect the cell windows.
The fluorescence at 5349 A from the target state in
Ca was imaged into a 1-m spectrometer equipped with a photomultiplier at the exit slit. The signal from the photomultiplier was processed by a gated integrator, which was gated on for 18 nsec, and the integrated signal was recorded as a function of the transfer-laser wavelength. Figure 2 shows this recorded signal. Within experimental accuracy, the laser-induced dipolequadrupole collision process maximizes at an applied photon energy equal to the energy difference of the initial and final states of the separated atoms. The linewidth of the laser-induced collision process is 20 cm-'. The two other lines shown in Fig. 2 result from transitions in Sr followed by collisional transfer into the target state of Ca. Note that the ratio of the rate of production of target-state Ca atoms by the laser-induced collision process to the production rate by the other collisional processes is 450 times larger than that indicated by Fig. 2 Measured values of the cross section for the laserinduced collision process were determined from the following relation: 6expt = (NCa*/NSr*) (lIN C aVr), (2) where X is the pulse duration of the transfer laser. The ground-state Ca number density, NCa, was determined by a white-light absorption scan, and the excited-state Sr(5s5p'P;) number density, NSr*, was determined by tuning the transfer-laser wavelength to 5556 A to sat- Measured values of the collision cross section as a function of applied laser-power density are shown in Fig. 3 . A cross section of 3 X 10-14 cm 2 
In these formulas, q 12 Ca is the quadrupole matrix element and po is the Weisskopf radius. 3 The weak field formula is derived by assuming that only collisions that occur with an impact parameter greater than the Weisskopf radius contribute to the cross section. The strong field regime begins when the laser-power density is increased to the point at which the probability of transfer becomes unity for an impact parameter equal to the Weisskopf radius. Above this value of laserpower density the collision cross section only increases as the cube root of the applied laser-power density. The solid line of Fig. 3 represents the best-fit theoretical cross section obtained from Eqs. (3) and (4) by adjusting the value of the quadrupole matrix element q 12 Ca. The resulting best-fit value is 2.7 X 10-26 esu-cm 2 . To the best of our knowledge, the matrix element has not been measured, but our inferred value is about one third as large as the quadrupole matrix element obtained from the known line strength of the same electronic transition in the Ca ion.1
